This paper deals with a reaction-diffusion equation with inner absorption and boundary flux of exponential forms. The blow-up rate is determined with the blow-up set, and the blow-up profile near the blow-up time is obtained by the Giga-Kohn method. It is observed that the blow-up rate and profile are independent of the nonlinear absorption term.
Introduction
Consider the following reaction-diffusion equation with inner absorption and boundary flux of exponential forms        u t = u − ae pu , (x, t) ∈ Ω × (0, T ), ∂u ∂η = e qu , ( x, t) ∈ ∂Ω × (0, T ),
where Ω is a bounded domain in R n with smooth boundary ∂Ω ; constants a, p ≥ 0, q > 0; u 0 (x) ≥ 0 in Ω and ∂u 0 /∂η = exp{qu 0 } on ∂Ω .
Eq. (1.1) can be used to describe, for example, heat propagations in solid media with nonlinear absorptions and nonlinear boundary flux [1] [2] [3] [4] [5] [6] [7] [8] [9] . The existence and uniqueness of local solutions to (1.1) is known by the standard theory [10] .
The special case of (1.1) without inner absorption u t = u x x , ( x, t) ∈ (0, 1) × (0, T ), u x (0, t) = 0, u x (1, t) = e u (1,t ) , t ∈ (0, T ) (1.2)
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was studied by Deng [11] . The blow-up rate of (1.2) was presented as
while the blow-up profile was given as
uniformly on any interval [0, K ], where z 0 (y) is the unique positive bounded solution to the corresponding stationary problem of (1.2). The similar reaction-diffusion equation problem
with p, q > 1 and λ > 0 has been well studied; see [12] [13] [14] . The blow-up criterion of (1.5) is 2q − 1 > p, or 2q − 1 = p, λ < q, u 0 > v with v being any maximal stationary solution [12, 13] . Recently, Rossi [14] obtained the blow-up rate for (1.5) under the additional condition
The blow-up profile was obtained there as well for p < 2q − 1.
In this paper, we will extend all these results to problem (1.1). We give the critical exponent for (1.1), and then the blow-up rate and blow-up set. In particular, we will determine the bow-up profile near the blow-up time. We will follow the methods of [11, 15] . Due to the absorption term included in (1.1), some technical difficulties should be overcome.
Critical exponent
We begin with the critical exponent of (1. 
In [17] , the authors studied the critical exponents for the coupled system corresponding to (1.1). By taking a 1 = a 2 , [17] , we have the following conclusion on the critical exponent for (1.1) directly. 
Blow-up rate and set
In what follows, we deal with radial solutions of (1.1) with Ω = B R = {|x| < R} ⊂ R n , ∂ B R = S R . Firstly, consider the lower bound of the blow-up rate. 
where Γ is the fundamental solution of the heat equation. We employ C to denote positive constants independent of t, which may change from line to line. It is known that [18, 19] 
So, we have for (ii) and the second part of (iii) of Theorem 2.1,
which implies (3.1).
Next, consider the upper bound of the blow-up rate for radial solutions, where Ω = B R and c 1 = c 2 . Denote u(x, t) = u(r, t) with r = |x|. 
Proof. We know u t > 0 and u r ≥ 0 for (r, t) ∈ [0, R) × [0, T ) by the comparison principle [19] with (3.2). Set
when 2q > p, or 2q = p and a ≤ 
Integrating (3.4) from t to T , we get (3.3) immediately.
Now we deal with the blow-up set of (1.1). 
2 ,
A simple computation shows
By the comparison principle, we have w ≥ u in B R × (0, T ).
Blow-up profile
Throughout this section, we always assume that 2q > p and Ω = (0, 1). Introduce the similarity variables,
Then w solves the following system:
In order to discuss the asymptotic behavior of the solution near the blow-up time, we need four lemmas. First, consider the corresponding stationary solution of (4.2), which solves Proof. From Theorem 3.2, we know that w is positive and bounded. By (3.2) and the comparison principle, u x , u x x ≥ 0, and hence
that is |w y |/w ≤ C. Similarly to the proof for Proposition 1 of [15] , we get |w yy | ≤ C. Therefore, 
